ABSTRACT
INTRODUCTION
Cinnamomum zeylanicum (cinnamon) belongs to the family Lauraceae, originates from the Ceylon is an important spice having wide applications in perfumery and beverages (Jayaprakasha et al., 2003) . It has been recognized to have medicinal properties and posses beneficial effects on health (Khan et al., 2003) . Chemical analysis indicated polyphenolic and benzene compounds and phenolic volatile oils (Shan et al., 2005) . Blood constituents labeling with technetium-99m ( 99m Tc) have been utilized in nuclear medicine (Saha, 2004) and basic scientific research (Fonseca et al., 2007) . The labeling process with 99m Tc depends on a reducing agent; stannous chloride (SnCl 2 ) is the most used for this purpose (Saha, 2004) . The band-3 anion and calcium channels may be the transport systems by which pertechnetate ion and stannous ions pass through of the red blood cell (RBC) membrane, respectively (Callahan and Rabito, 1990; Gutfilen et al., 1996) . Some authors have demonstrated some biological effects of drugs and herbal extracts using the labeling of blood constituents with 99m Tc as an in vitro assay (Fonseca et al., 2007; Santos-Filho et al., 2008; Paoli et al., 2008) . Alterations on the membrane of RBC could interfere on this radiolabeling procedure (Benarroz al., 2008) . Despite of some biological effects of cinnamon are described, there is few information about the interaction of cinnamon with 99m Tcradiopharmaceuticals (Benarroz et al., 2008) . In this study we assessed the effect of the in vivo treatment with an aqueous cinnamon extract on the labeling of blood constituents with 99m Tc and on morphology of RBC cells from Wistar rats.
MATERIALS AND METHODS
Plant material and preparation of the extracts A commercial dried powder cinnamon was purchased from Yoki Alimentos SA, São Paulo, Brazil, lot number 04E05C. To prepare the extract, 2.4 mg of powder were dissolved with 20 mL of saline (0.9% NaCl), centrifuged (1500 rpm, 5 min) and the extract was considered to be 120 mg/mL. 
Animals

In vivo treatments
The animals (n=12, 4 rats each group) were treated by an oral via for 60 minutes with cinnamon extract (1.5, 15.0 and 150.0 mg/kg). Other animals (n=12, 4 rats each group) were treated with the higher dose (150.0 mg/kg) for different periods of time (15, 60 and 120 minutes). Control group (n=8 rats) was treated with 0.9% NaCl. The animals were anesthetized and heparinized whole blood was withdrawn to experimental procedures. Tc generator (Instituto de Pesquisas Energéticas e Nucleares, Comissão Nacional de Energia Nuclear, São Paulo, Brazil) was added (10 minutes). These samples were centrifuged (1500 rpm, 5 minutes) and aliquots of plasma (P) and blood cells (BC) were isolated. Another aliquots of P and BC were separated and also precipitated with 5% trichloroacetic acid and centrifuged (1500 rpm, 5 minutes) to isolate insoluble fractions (IF). The radioactivity in BC, IF-P and IF-BC was determined in a well counter (Packard, model C5002, Illinois, USA) and the percentage of radioactivity (%ATI) was calculated.
Radiolabeling procedure
Morphological evaluation of red blood cells
Blood smears were prepared, dried, fixed and staining by May-Grünwald-Giensa method (Junqueira and Carneiro, 2002) . Images of RBC were acquired (Optronics, Japan) from blood smears to qualitative morphology analysis under optical microscopy (x1000). To morphometric analysis of RBC the perimeter/area ratio was obtained from images by specific program (Image ProPlus Software).
Statistical analysis
The data are expressed as means ± SD of %ATI and perimeter/area ratio. The values were analyzed by one-way analysis of variance (ANOVA) with a p<0.05 as significant level. Statistical analysis was performed using InStat Graphpad software (GraphPad InStat version 3.00 for Windows 95, GraphPad Software, San Diego, California, USA).
RESULTS
The figure 1 shows the ATI% of BC, IF-P and IF-BC from Wistar rats treated with cinnamon extract. Data indicate that there is no significant (p>0.05) modification on the uptake of radioactivity by BC and on the fixation of Tc. Wistar rats were treated with an aqueous cinnamon for 60 minutes, blood samples were withdrawn and the radiolabeling of blood constituents was carried out. Radioactivity was counted and the percentage of incorporated radioactivity (%ATI) was calculated. ( ) Blood cells, (■) insoluble fraction of plasma, (░) insoluble fraction of blood cells. were treated with saline (0.9% NaCl) for 1 hour, blood samples were withdrawn, and smears were prepared, dried and stained by May-Grünwald-Giemsa method. The slides were analyzed by optical microscopy (x1000).
Figure 4 -Photomicrography of blood smear from Wistar rats treated with cinnamon extract (150.0 mg/kg) for 60 minutes. Wistar rats were treated with saline (0.9% NaCl) for 1 hour, blood samples were withdrawn, smears were prepared, dried and stained by May-Grünwald-Giemsa method. The slides were analyzed by optical microscopy (x1000). Figure 7 shows the perimeter/area ratio of RBC from Wistar rats treated with a cinnamon extract at different doses. Data indicate that the aqueous cinnamon extract has not significantly (p>0.05) modified the perimeter/area ratio of RBC. The figure 5 shows the perimeter/area ratio of RBC from Wistar rats treated with a cinnamon extract (150.0 mg/kg) for different periods of time. These data confirm the absence of effects of the cinnamon extract used on the RBC morphology indicating no significant (p>0.05) modifications on the perimeter/area ratio. 
DISCUSSION
The data obtained in this work showed that cinnamon extract at different doses has not effects on the uptake of 99m
Tc by blood cells and fixation of 99m Tc on plasma and blood cells proteins (Fig.  1) . Also, no modifications on radiolabeling of blood constituents were obtained when animals were treated for up to 120 minutes with cinnamon extract at the higher dose used (Fig. 2) . It has been reported that in vitro natural or synthetic drugs could alter the labeling of blood constituents with 99m Tc (Fonseca et al., 2005; Frydman et al., 2008a) . However, other products are not able to interfere on this labeling process, as Pfaffia sp. (Fernandes et al., 2005) . Recent data have suggested that in vivo acetylsalicylic acid treatment could alter the labeling of blood constituents with 99m Tc (Fonseca et al., 2007) . Pharmacological effects of interest to human health have been reported with 1 up to 6 g per day of cinnamon as crude drug or extracts (Khan et al., 2003) . These values are close to commonlysuggested doses (2 up to 4 g) to cinnamon as crude drug (WHO, 1999) . In our experiments, animals were treated with cinnamon extract at doses similar to used by human beings as spices or herbal medicine. The absence of effects of the in vivo treatment with cinnamon extract are in disagree with previous data obtained in an in vitro study, whose data have suggested alterations on labeling of BC with 99m Tc (Benarroz et al., 2008) . This discrepancy could be explained by metabolic process of compounds in cinnamon extract that occurs when an in vivo treatment is performed. Other hypothesis could be the difference in the pharmacokinetic profile to each compound present in cinnamon extract (gastrointestinal absorption and plasma peak concentration) that did not occur in an in vitro treatment. RBC has been proposed as a prototypical cellular system regarding drug mediated plasma membrane effects (Li et al., 1999) . It has been suggested that cinnamon extracts could affect the membrane of eukaryotic cells inhibiting the Na+ -K+-ATPase (Verspohl et al., 2005) and calcium currents (Su et al., 1999) . The qualitative and quantitative (area and perimeter) analyses have been used to evaluate the alterations induced by drugs on membrane of RBC (Frydman et al., 2008b) . However, aqueous cinnamon extract used could not cause morphological modifications on the membrane of RBC at different doses (Fig. 3, 4 and 5) or different period of treatment ( Fig. 6 and 7) . These results are agreed with data obtained in an in vitro study when similar cinnamon extract was used (Benarroz et al., 2008) . In conclusion, our data suggest that in vivo aqueous cinnamon extracts could not alter the labeling of blood constituents with 99m Tc and could not affect the membrane structures involved in transport of ions or the oxidation state of stannous and pertecnetate ions. 
